INTRODUCTION {#S1}
============

Somatosensory ganglia of vertebrates contain various types of mechano-sensitive neurons, including low- and high-threshold mechano-receptors and proprioceptors. These neurons can convert mechanical stimulation into ionic current due to the presence of mechano-gated ion channels, including nonselective excitatory channels, such as by Piezo2, and potassium-selective inhibitory channels, such as TREK-1 (K~2P~2.1) ([@R2]; [@R39]). Activity of these channels is regulated through alternative splicing, interaction with the cytoskeleton, signaling pathways, and the lipid composition of the plasma membrane ([@R3]; [@R8]; [@R33]; [@R48]). Despite recent advances, proteins and pathways involved in regulation of mechano-sensitivity remain poorly understood. Identification of novel mechano-gated ion channels and their modulators is essential for understanding mechano-sensitivity in somatic cells and neurons.

Piezo2 generates fast-inactivating mechano-evoked current (MA current) in neurons from trigeminal (TG) and dorsal root ganglia (DRG). The deletion of Piezo2 abrogates fast MA current in light touch mechano-receptors and proprioceptors without affecting mechano-sensitivity in neurons with intermediately and slowly inactivating MA currents ([@R38]; [@R49]). TMEM150C/Tentonin3 was proposed to act as an ion channel mediating slowly inactivating MA current in proprioceptive neurons in mouse DRG ([@R26]). Recently, it was shown that heterologous expression of TMEM150C fails to generate MA current in cells with genomic ablation of the *PIEZO1* gene ([@R19]). Here, we tested the hypothesis that TMEM150C acts as a modulator of mechano-sensitivity, rather than an ion channel, by studying its effects on MA current in cells expressing bona fide mechano-gated channels from different classes: Piezo1, Piezo2, and the potassium-selective channel TREK-1.

RESULTS {#S2}
=======

TMEM150C Stimulates Piezo2 Mechano-current {#S3}
------------------------------------------

TMEM150C has been reported to function in proprioceptors from mouse DRG ([@R26]), which also express Piezo2 ([@R20]; [@R49]). To test whether TMEM150C is co-expressed with Piezo2 in other types of somatosensory neurons, we analyzed distribution of TMEM150C in adult duck TG, a ganglion devoid of proprioceptors but rich in Piezo2-expressing mechano-receptors (84.5% of all neurons) ([@R44]; [@R43]). Using RNA *in situ* hybridization, we found that 83.3% ± 1.0% (19 TG sections, 2,808 total cells) of duck TG neurons express TMEM150C ([Figures 1A and 1B](#F1){ref-type="fig"}). The abundance of TMEM150C and Piezo2-positive neurons in duck TG necessitates an overlap between the two neuronal populations, suggesting that TMEM150C is co-expressed with Piezo2 outside of proprioceptors.

We and others have hypothesized that TMEM150C could act as a modulator of Piezo channel function ([@R19]). To test this, we measured whole-cell MA current in cells co-expressing mouse TMEM150C (mTMEM150C) and mouse Piezo2 in response to mechanical stimulation with a glass probe ([@R24]). To avoid potential confounding effects of endogenous MA current, we used HEK293T cells carrying a genomic ablation of the *PIEZO1* gene (HEK293T^ΔP1^) ([@R19]; [@R32]). Co-expression of Piezo2 with GFP yielded typical fast-inactivating MA current, while the expression of mouse TMEM150C alone produced no mechanical response ([Figures 1C, 1D](#F1){ref-type="fig"}, and [S1A](#SD1){ref-type="supplementary-material"}). However, co-expression of Piezo2 with TMEM150C produced a twofold decrease in the onset of detectable MA current (apparent activation threshold) from 5.3 ± 0.3 µm to 2.6 ± 0.4 µm (p = 0.0001, Dunnett's test) ([Figure 1E](#F1){ref-type="fig"}). Additionally, TMEM150C co-expression led to a fivefold prolongation in the rate of MA current inactivation (τ~inact~) at all indentation depths that consistently produced MA current in both groups (5--10 µm), from 3.4--3.9 ms to 16.7--20.3 ms, respectively (two-way ANOVA, p \< 0.0001 for expression construct effect) ([Figure 1F](#F1){ref-type="fig"}). The effect did not depend on the amount of channel molecules on the surface, as we observed an increase in τ~inact~ independently of peak MA current amplitude ([Figure S1B](#SD1){ref-type="supplementary-material"}).

We also tested a TMEM150C ortholog cloned from TG of tactile specialist duck. Duck TMEM150C (dTMEM150C) is 87% identical to the mouse protein ([Figure S1C](#SD1){ref-type="supplementary-material"}). When expressed alone, duck TMEM150C did not confer mechano-sensitivity to HEK293T^ΔP1^ cells ([Figures 1C, 1D](#F1){ref-type="fig"}, and [S1A](#SD1){ref-type="supplementary-material"}). Upon co-expression with Piezo2, duck TMEM150C significantly decreased the apparent threshold of mechanical activation from 5.3 ± 0.3 µm to 3.6 ± 0.5 µm (p = 0.0098, Dunnett's test) and prolonged τ~inact~ in the 5--10 µm indentation range from 3.4--3.9 ms to 9.0--21.2 ms (two-way ANOVA, p \< 0.0001 for expression construct and voltage effects) ([Figures 1E and 1F](#F1){ref-type="fig"}).

To understand whether the resultant MA current retained properties characteristic of Piezo2 alone, we analyzed voltage dependence of τ~inact~. The inactivation rate of Piezo2 MA current increases with depolarization 6.4-fold, from 3.6 ± 0.6 ms at −100 mV to 23.0 ± 4.7 ms at 100 mV (two-way ANOVA, p \< 0.0001 for voltage effect) ([@R15]; [@R51]). We found a similarly significant fourfold increase in τ~inact~ in cells co-expressing Piezo2 and mouse TMEM150C, from 11.3 ± 2.3 ms at −100 mV to 45.7 ± 6.1 ms at 100 mV (two-way ANOVA, p \< 0.0001 for voltage effect) ([Figures 1G and 1H](#F1){ref-type="fig"}). Additionally, co-expression with TMEM150C did not change the reversal potential of the resultant MA current ([Figures 1I](#F1){ref-type="fig"} and [S1D](#SD1){ref-type="supplementary-material"}).

Together, our observations show that MA current produced by co-expression of TMEM150C and Piezo2 has similar voltage dependence of inactivation and ion selectivity but significantly augmented activation threshold and inactivation kinetics compared to MA current produced by Piezo2 alone. Although these data do not exclude the possibility that TMEM150C is an ion channel active in the presence of another mechano-transducer ([@R27]), they suggest more strongly that TMEM150C is a positive modulator of Piezo2-mediated mechano-current. The similarity between the effects of duck and mouse TMEM150C suggest that the function of this protein is conserved among vertebrates.

TMEM150C Potentiates Piezo1 Mechano-current Independently of Stimulation Method {#S4}
-------------------------------------------------------------------------------

To test whether the observed effects are specific to Piezo2, we co-expressed TMEM150C with Piezo1, a homolog of Piezo2 that mediates mechano-responses in somatic cells ([@R33]) and neural stem cells ([@R35]) and guides axon growth in the developing brain ([@R28]). When expressed alone in HEK293T^ΔP1^ cells, mouse Piezo1 produces fast-inactivating MA current ([Figures 2A, 2B](#F2){ref-type="fig"}, and [S2A](#SD1){ref-type="supplementary-material"}). Co-expression with mouse TMEM150C did not change the apparent activation threshold (7.1 ± 0.4 µm and 7.4 ± 0.4 µm for Piezo1 alone and with TMEM150C, respectively, p = 0.61, t test) ([Figure 2C](#F2){ref-type="fig"}) but significantly prolonged the average τ~inact~, from 8.1 ± 0.7 ms to 11.9 ± 0.7 ms (p = 0.0012, Mann-Whitney *U* test) ([Figure 2D](#F2){ref-type="fig"}). Importantly, in the presence of TMEM150C, MA current persisted beyond the removal of mechanical stimulation (I~post~; [Figures 2E and 2F](#F2){ref-type="fig"}). This is consistent with an earlier observation documenting the presence of the persistent post-stimulus current upon expression of TMEM150C in wild-type HEK293T cells, which also express a small amount of endogenous Piezo1 ([@R19]; [@R26]).

We wondered if the prolongation of inactivation and the induction of persistent post-stimulus current depend on the method of mechanical stimulation. Unlike Piezo2, Piezo1 can be activated by the application of mechanical force in a cell-attached patch using high-speed pressure clamp (HSPC) ([@R7]; [@R22]). While we did not detect mechano-evoked activity in cells expressing TMEM150C alone, Piezo1-expressing cells produced robust MA current ([Figures 3A and 3B](#F3){ref-type="fig"}). Co-expression of the two proteins did not change the apparent activation threshold (−20.6 ± 3.9 mmHg and −25.5 ± 5.5 mmHg for Piezo1 alone and with mTMEM150C, respectively, p = 0.37, Mann-Whitney *U*-test) ([Figure 3C](#F3){ref-type="fig"}), but produced more than 2.6 fold increase in average τ~inact~ from 20.7 ± 4.3 ms to 53.9 ± 9.1 ms (p = 0.0011, t test) ([Figures 3D](#F3){ref-type="fig"} and [S2B](#SD1){ref-type="supplementary-material"}). The HSPC approach produced a larger increase in τ~inact~ than stimulation with a glass probe, possibly due to perturbations in the lipid composition, basal tension, and mechanics of the plasma membrane caused by the formation of the gigaseal ([@R22]; [@R45]). Additionally, co-expression with TMEM150C generated persistent post-stimulus current ([Figures 3E and 3F](#F3){ref-type="fig"}). Overall, our findings with HSPC-mediated stimulation are consistent with those obtained through indentation of HEK293T^ΔP1^ cells with a glass probe, demonstrating that the observed effects are independent of the method of mechanical stimulation.

Together, our data show that co-expression with TMEM150C prolongs inactivation kinetics of Piezo2 and Piezo1. However, we only detected a decrease in threshold with Piezo2 and the induction of persistent post-stimulus current with Piezo1. The absence of the persistent post-stimulus current at negative potentials in any condition other than upon co-expression of Piezo1 with TMEM150C (also see below) suggests that it is specific to this combination of proteins. The presence of channel-specific effects further supports the idea that TMEM150C is a modulator of Piezo channels.

TMEM150C Enhances Mechano-current Produced by TREK-1 {#S5}
----------------------------------------------------

To determine whether TMEM150C expression modulates other types of mechano-transducers, we tested the mechano-gated potassium-selective channel TREK-1. Like Piezo2, TREK-1 is abundantly expressed in somatosensory neurons and is physiologically important for mechano-sensitivity ([@R2]; [@R34]). Mechanical stimulation of HEK293T^ΔP1^ cells expressing mouse TREK-1 by HSPC at 0 mV produced outward potassium-selective MA current with slow inactivation, whereas cells expressing mouse TMEM150C alone did not exhibit mechano-activity ([Figures 4A and 4B](#F4){ref-type="fig"}). Co-expression of TREK-1 with TMEM150C did not change apparent activation threshold (−46.2 ± 3.7 mmHg and −40.6 ± 5.1 mmHg for TREK-1 alone TREK-1 with TMEM150C, respectively, p = 0.15, Mann-Whitney *U* test) ([Figure 4C](#F4){ref-type="fig"}) but significantly prolonged the average τ~inact~, from 34.7 ± 3.0 ms to 55.4 ± 6.1 ms (p = 0.0013, Mann-Whitney *U* test) ([Figures 4D](#F4){ref-type="fig"} and [S2C](#SD1){ref-type="supplementary-material"}). Importantly, we measured MA current at a holding potential of 0 mV, which permits the efflux of potassium via TREK-1 but restricts the net current from a nonselective cation channel, a role originally proposed for TMEM150C ([@R26], [@R27]). Thus, similar to Piezo2 and Piezo1, TREK-1 MA current is enhanced by co-expression with TMEM150C.

In agreement with the functional data, we found that TMEM150C co-immunoprecipitates with TREK-1 and Piezo2, suggesting that TMEM150C can form a complex with the ion channels or exist in the same lipid domain ([Figure S3](#SD1){ref-type="supplementary-material"}). To test TMEM150C function more broadly, we used mouse K~v~1.1, a voltage-gated potassium channel with a role in neuronal mechano-sensitivity ([@R25]). However, co-expression with TMEM150C did not affect voltage dependence of activation of K~v~1.1, and the channel did not co-immunoprecipitate with TMEM150C ([Figure S4](#SD1){ref-type="supplementary-material"}). Together, our data show that TMEM150C is a modulator of different classes of mechano-gated ion channels.

DISCUSSION {#S6}
==========

Here, we sought to understand the role of TMEM150C in the generation of mechano-activated current. We show, in agreement with previous observations, that TMEM150C expression does not produce MA current when expressed alone in HEK293T^ΔP1^ cells ([@R19]). Additionally, we demonstrate that TMEM150C expression prolongs the kinetics of MA current inactivation when co-expressed with Piezo1, Piezo2, or TREK-1, independently of the method of mechanical stimulation. When TMEM150C and TREK-1 are co-expressed, the resultant current is mediated by potassium, as expected if it was solely produced by TREK-1. Thus, our data strongly suggest that TMEM150C is a regulator of mechano-gated ion channels rather than a nonselective ion channel itself, as initially suggested ([@R26]). Inactivation rate is a key element of mechano-gated channel function that determines the amount of excitatory (or inhibitory in the case of TREK-1) flux of ions and ultimately influences generation of the action potential. Prolongation of Piezo1 and Piezo2 τ~inact~ has been linked to several pathological conditions, including hereditary xerocytosis ([@R4]; [@R21]), dehydrated hereditary stomatocytosis ([@R1]), and distal arthrogryposis ([@R16]; [@R33]). What could be the mechanism of TMEM150C-mediated prolongation of τ~inact~ in such different ion channel classes? The Piezos and TREK-1 share no similarity in terms of amino acid sequence or overall structure ([@R23]; [@R30], [@R31]; [@R41]; [@R52]). Piezo1 is directly activated by stretch in membrane blebs ([@R17]) and in a lipid bilayer ([@R47]), and so is TREK-1 ([@R11]; [@R13]). Interestingly, single-channel activity of reconstituted Piezo1 does not substantially decay after mechanical stimulation, suggesting that inactivation in cells may require additional components not present in the tested bilayer ([@R47]). Aside from post-translational modifications, these components could include lipids and transmembrane or intracellular proteins, such as components of the cytoskeleton ([@R3]; [@R8]; [@R33]; [@R50]). We propose that TMEM150C influences at least one such component, leading to changes in mechano-evoked responses in the Piezos and TREK-1.

We show that co-expression with TMEM150C significantly decreases the apparent activation threshold of Piezo2. The effect is not caused by increased channel expression, because at higher indentations, the magnitudes of Piezo2 current with and without mouse TMEM150C become similar. We hypothesize that the change in threshold stems, at least partially, from an increase in the channel's sensitivity to mechanical stimulation. This threshold change could in part be driven by the large prolongation of Piezo2 inactivation kinetics upon co-transfection with TMEM150C, giving rise to current that is detectable at lower stimulation. In this case, the absence of an effect of TMEM150C on Piezo1 and TREK-1 threshold could stem from a milder increase in τ~inact~ compared to Piezo2, and larger initial τ~inact~. We therefore do not exclude the possibility that TMEM150C also produces a small decrease in activation threshold in these channels.

A TMEM150C homolog TMEM150A influences phospholipid homeostasis via interaction with phosphotydilinositol 4-kinase type IIIα, a key enzyme generating phosphatidylinositol 4-phosphate on the plasma membrane ([@R12]). Conceivably, TMEM150C could alter chemical composition of the plasma membrane, changing its mechanical properties, such as rigidity and tension. Tension alone, however, is unlikely to be the major factor regulating τ~inact~, as stepwise application of a negative pressure increases membrane tension proportionally, yet τ~inact~ remains steady across a wide range of pressures ([@R29]; [@R51]). Lipid content, on the other hand, can have a profound effect on ion channel function either directly, or via redistribution of the channels into membrane subdomains, and this was shown for the Piezos and TREK-1 ([@R4]; [@R9]; [@R14]; [@R37]; [@R40]). If a lipid-modulating role is confirmed for TMEM150C, then we should expect to see an effect of this protein on other ion channels and membrane proteins, even though we did not detect an effect on voltage dependence of K~v~1.1 activation.

Though important for physiology, the mechanism of activation and inactivation in Piezos and K~2P~s is poorly understood. In Piezos, the magnitude of τ~inact~ is dictated by the C-terminal extracellular domain (CED), which forms a cap-like structure above the extracellular pore ([@R23]; [@R41]; [@R52]). Reciprocal transposition of CED between Piezo1 and Piezo2 changes their τ~inact~ accordingly ([@R51]). The apparent absence of inactivation in reconstituted Piezo1 suggests that even though CED is a key element of the inactivation mechanism, it requires other components. Indeed, inactivation of the Piezos can be influenced pharmacologically, by mutations, and via destruction of the cytoskeleton ([@R16]; [@R17]; [@R46]). Interestingly, TREK channels also possess an extracellular cap-like structure ([@R10]; [@R18]; [@R30], [@R31]), but its role in mechano-gating remains obscure. Studies identified the intracellular C terminus as a major modulator of gating via allosteric communication with the selectivity filter-based gate ([@R5], [@R6]; [@R30]; [@R42]). Even though the architecture of the channels appear strikingly different, the similarity between the effects of TMEM150C on Piezo1, Piezo2, and TREK-1 suggests the existence of common principles governing mechanogated channel opening and inactivation. Understanding how TMEM150C works could help reveal such mechanism.

TMEM150C was shown to have a role in proprioceptors, which also express Piezo2 ([@R26]). We now show that TMEM150C is expressed in 83.3% of neurons from TG of tactile specialist ducks, where proprioceptors are absent and the majority of cells are Piezo2-expressing touch receptors. The overlap between TMEM150C and Piezo2-expressing neurons may explain the prevalence of MA current with intermediate and slow inactivating kinetics in duck TG compared to mice or visually foraging chicken ([@R43], [@R44]). TMEM150C is also present in peptidergic and non-peptidergic nociceptors expressing Piezo2 ([@R9]; [@R36]). Since, as we show here, TMEM150C is a positive regulator of Piezo2 function, it is possible that in addition to proprioception, TMEM150C could also have a regulatory effect on light touch detection, heat, and mechano-nociception. However, behavioral tests using *Tmem150C* knockout mice only revealed deficits in motor coordination, consistent with TMEM150C expression in proprioceptors, while light touch and mechanical pain responses remained normal ([@R26]). Possibly, TMEM150C activity varies between different types of somatosensory neurons, such that the knockout may not have an equally significant impact on the function of light touch receptors and nociceptors as on proprioceptors. It is also possible that TMEM150's effects are heterogeneous with regard to different splicing isoforms of Piezo2 ([@R48]), which could have preferential expression in specific types of somatosensory neurons. TREK-1 is broadly expressed in the somatosensory system, where it is thought to counterbalance excitation by generating mechanically induced potassium efflux ([@R2]; [@R34]). Since TMEM150C prolongs TREK-1 MA current, the effect of *Tmem150C* knockout on light touch via suppression of Piezo2 could be mitigated by simultaneous suppression of the inhibitory activity of TREK-1 ([@R11]). Importantly, TMEM150C is also present in the CNS ([@R26]), suggesting that the observed effects of *Tmem150C* knockout on behavior could have a more complex explanation, involving alterations in signal processing or brain development ([@R28]). Cell-type-specific knockouts are needed to reveal a role for TMEM150C in mechano-sensitivity.

EXPERIMENTAL PROCEDURES {#S7}
=======================

Further details and outlines of resources can be found in [Supplemental Experimental Procedures](#SD1){ref-type="supplementary-material"}.

Animals {#S8}
-------

Tissues from adult domestic ducks, which were raised and slaughtered for the purpose of human consumption and not for this study, were purchased postmortem at MarWin Farm.

RNA *In Situ* Hybridization {#S9}
---------------------------

TGs were fixed in paraformaldehyde, sectioned at 12--15 µm, probed with digoxigenin-labeled cRNA, and developed with alkaline-phosphatase-conjugated anti-digoxigenin Fab fragments.

Immunoprecipitation {#S10}
-------------------

HEK293^ΔP1^ cells were lysed in a buffer containing 1% CHAPS. Proteins were captured by antibodies immobilized on magnetic beads and analyzed by western blotting.

Electrophysiology {#S11}
-----------------

Electrophysiology data were collected from HEK293T^ΔP1^ cells. For whole-cell recordings of MA current, cells held at −80 mV were stimulated with a glass probe in 1-µm, 150-ms steps with a velocity of 1,000 µm/s with 5 s between sweeps. For cell-attached recordings, membrane patches held at −60 mV for Piezo1 or 0 mV for TREK-1 were subjected to stepwise, 200-ms negative pressure steps (Δ10 mmHg) preceded by a 500-ms pre-pulse at 5 mmHg, with 3 s between stimuli. For Kv1.1 recordings, cells were stepped from −70 mV to 30 mV (Δ10 mV) from −70 mV holding potential. For details on electrophysiology and solution compositions, see [Supplemental Experimental Procedures](#SD1){ref-type="supplementary-material"}.

Statistical Analysis {#S12}
--------------------

Data were obtained from at least two independent experiments and are reported as mean ± SEM. Statistical tests were chosen based on normality of distributions and variance equality, or lack thereof, and the number of samples, are reported in figure legends.

Supplementary Material {#SM}
======================

**DATA AND SOFTWARE AVAILABILITY**

The accession number for the domestic duck (mallard) TMEM150C is GenBank: MG697237.

[SUPPLEMENTAL INFORMATION](#SD1){ref-type="supplementary-material"}

[Supplemental Information includes Supplemental Experimental Procedures and four figures](#SD1){ref-type="supplementary-material"} and can be found with this article online at <https://doi.org/10.1016/j.celrep.2018.03.094>.
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![Mouse and Duck TMEM150C Potentiate Piezo2 Mechano-current in HEK293T^ΔP1^ Cells\
(A and B) Representative images of RNA *in situ* hybridization (A) and quantification of TMEM150C-expressing neurons (B) in adult duck TG (2,808 cells from 19 TG sections from 2 animals). Scale bar, 50 µm.\
(C) Exemplar whole-cell MA current traces recorded in HEK293T^ΔP1^ cells expressing Piezo2 with or without mouse or duck TMEM150C in response to mechanical indentation with a glass probe to the indicated depth (E~hold~ = −80 mV).\
(D) Peak MA current measured at different indentation depths in HEK293T^ΔP1^ cells expressing indicated constructs (E~hold~ = −80 mV). Data shown as mean ± SEM.\
(E) Quantification of MA current activation threshold (p \< 0.0001, one-way ANOVA with Dunnett's correction, \*\*p \< 0.001, \*\*\*\*p \< 0.0001). Data shown as mean ± SEM.\
(F) Quantification of MA current inactivation rate (τ~inact~) measured at different indentation depths (ordinary two-way ANOVA with Bonferroni correction, p \< 0.0001 for expression construct effect; NS, not significant; p \> 0.05, \*p \< 0.05, \*\*p \< 0.01, \*\*\*\*p \< 0.0001; red, blue, and gray asterisks indicate statistical comparisons between, respectively, Piezo2/mTMEM150C and Piezo2, Piezo2/dTMEM150C and Piezo2, and Piezo2/mTMEM150C and Piezo2/dTMEM150C). Data shown as mean ± SEM.\
(G) Representative traces of whole-cell MA currents evoked in response to 9 µm mechanical indentation at different voltages from −100 mV to 100 mV, in 20 mV increments.\
(H) Quantification of MA current τ~inact~ at different voltages (two-way ANOVA with Sidak's correction, \*p \< 0.05, \*\*p \< 0.01, \*\*\*\*p \< 0.0001). Data shown as mean ± SEM.\
(I) Peak MA current-voltage plots in response to mechanical indentation of 5--10 µm for Piezo2/GFP and 4-9 µm for Piezo2/mTMEM150C. The inset shows quantification of the reversal potential E~rev~ (unpaired t test; NS, not significant; p \> 0.05). Data shown as mean ± SEM.\
See also [Figures S1, S3A, and S3B](#SD1){ref-type="supplementary-material"}.](nihms962089f1){#F1}

![TMEM150C Potentiates MA Current Produced by Piezo1\
(A) Exemplar whole-cell MA current traces recorded in HEK293T^ΔP1^ cells in response to mechanical indentation with a glass probe at E~hold~ = −80 mV. Arrow indicates the position of persistent post-stimulus MA current measurement.\
(B) Peak MA current measured at different indentation depths in HEK293T^ΔP1^ cells expressing indicated constructs (E~hold~ = −80 mV). Data shown as mean ± SEM.\
(C and D) Quantification of MA current activation threshold (C) and inactivation rate τ~inact~ (D). NS, not significant; p \> 0.05, \*\*p \< 0.01; unpaired t test (C) and Mann-Whitney *U*-test (D). Data shown as mean ± SEM.\
(E) Post-stimulus MA current amplitude at different indentation depths. \*\*\*\*p \< 0.0001 for expression construct effect, two-way ANOVA. Data shown as mean ± SEM.\
(F) Quantification of peak-normalized amplitude of persistent post-stimulus MA current. \*\*\*\*p \< 0.0001, Mann-Whitney *U* test. Data shown as mean ± SEM.\
See also [Figure S2A](#SD1){ref-type="supplementary-material"}.](nihms962089f2){#F2}

![TMEM150C Potentiates Piezo1 MA Current Evoked by High-Speed Pressure Clamp\
(A) Exemplar cell-attached MA current traces recorded in HEK293T^ΔP1^ cells in response to application of a negative pressure in the pipette at E~hold~ = −60 mV. Each pressure step was preceded by a 500-ms step at 5 mmHg to remove inactivation. Arrow indicates the position of persistent post-stimulus MA current measurement.\
(B) Quantification of peak MA current amplitude measured at −60 mV at different pressures. Data shown as mean ± SEM.\
(C and D) Quantification of MA current activation threshold (C) and inactivation rate τ~inact~ (D). NS, not significant; p \> 0.05, \*\*p \< 0.01; Mann-Whitney *U*-test (C) and unpaired t test (D). Data shown as mean ± SEM.\
(E) Post-stimulus MA current amplitude at different pressures. \*\*\*\*p \< 0.0001 for expression construct effect, two-way ANOVA. Data shown as mean ± SEM.\
(F) Quantification of peak-normalized amplitude of persistent post-stimulus MA current. \*p \< 0.05, Welch's test. Data shown as mean ± SEM.\
See also [Figure S2B](#SD1){ref-type="supplementary-material"}.](nihms962089f3){#F3}

![TMEM150C Potentiates MA Current of Potassium-Selective TREK-1 Channel\
(A) Exemplar cell-attached MA current traces recorded in HEK293T^ΔP1^ cells in response to application of a negative pressure in the pipette using a high-speed pressure clamp (E~hold~ = 0 mV). Each pressure step was preceded by a 500-ms step at 5 mmHg to remove inactivation.\
(B) Quantification of peak MA potassium current amplitude measured at E~hold~ = 0 mV at different pressures. Data shown as mean ± SEM.\
(C and D) Quantification of cell-attached MA current activation threshold (C) and average inactivation rate (D). NS, not significant; p \> 0.05, \*\*p \< 0.01, Mann-Whitney *U* test. Data shown as mean ± SEM.\
See also [Figures S2C and S3C](#SD1){ref-type="supplementary-material"}.](nihms962089f4){#F4}

###### Highlights

-   TMEM150C is co-expressed with Piezo2 in somatosensory neurons

-   TMEM150C prolongs the duration of mechano-current produced by Piezo1/2 and TREK-1

-   TMEM150C is a general regulator of mechano-gated ion channels

-   TMEM150C function is conserved among vertebrates

[^1]: Lead Contact
